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A B S T R A C T

Objective:To systematically reviewandquantitatively synthetize evidence on the use of PIPs linked to adverse health
outcomes in older adults.
Methods: AMedline, Embase1 and Opengrey libraries searchwas conducted from 2004 to February 2021, using the
PICOmodel: older people, psychotropic drugs, inappropriate prescribing, and adverse drug events. Fixed-effects and
random-effects meta-analysis were performed from 3 eligible studies using an inverse-variance method.
Results:Of the 1943 originally identified abstracts, 106met the inclusion criteria and 7 studies were included in this
review. All were of good quality. The number of participants ranged from 318 to 383,150 older adults (54.5–74.4%
women). Associations were found between PIPs use and decreased personal care activities of daily living (ADL),
unplanned hospitalizations, falls and mortality. In the pooled analysis, association with falls was confirmed (1.23
[95%CI: 1.15;1.32]).
Conclusions: Participants of 65 years and older treated with PIPs were more at risk of adverse health outcomes than
those using no PIPs, including greater risks of falls, functional disabilities, unplanned hospitalizations, and
mortality. Results of the present systematic reviewandmeta-analysis provide additional evidence for an appropriate
and safe use of psychotropics in older adults.
© 2024 The Authors. Published by Elsevier Masson SAS on behalf of SERDI Publisher. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Older adults are particularly vulnerable to iatrogenic events and their
adverse health outcomes. About 16% of older hospitalized patients are
exposed to adverse drug reactions [1]. Preventable adverse drug
reactions that lead to the hospitalization in older adults rise to 63%
according to a recent meta-analysis [2]. It is also very important to use
medications safely, especially potentially inappropriate medications
(PIMs). PIMsmay be defined asmedications associatedwith a high risk of
adverse health outcomes [3]. Several lists of PIMs have been developed to
identify medications at risk in older adults, such as European list (EU(7)-
PIM list [4], STOPP/START list [5] or American list as the criteria by

Beers et al. [6] and updates [7–10]. Among those PIMs, psychotropics (ie,
antipsychotics, antidepressants, anxiolytics, hypnotics, and antimanic
drugs) are widely mentioned. A recent meta-analysis mentioned that
psychotropics contributed to 2.1% of hospitalizations and 11.3% of
adverse drug event-related hospitalizations [11]. Psychotropics are
associated with several adverse health outcomes such as fall [12],
cognitive decline [13] and mortality [14]. Although iatrogenic effects of
psychotropics are well-described, the literature remains poor on
potentially inappropriate psychotropics (PIPs). The purpose of this
systematic review and meta-analysis was to systematically review and
quantitatively synthetize evidence on the use of PIPs linked to adverse
health outcomes in older adults.
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2. Methods

2.1. Literature search

Studies were identified through systematic searches of the databases
including PubMed (NLM), EMBASE (Ovid), andOpengrey aswell as other
relevant databases from 2004, date of first guidelines about psycho-
tropics, through February 2021. A comprehensive search strategy was
designed using medical subject headings (MeSH) and free text terms by
our research team in consultation with a senior librarian. We included
English-language and French-language peer-reviewed research studies
and those concerned population aged over 65 and 80. The research
equation was a combination of 4 term blocs according to the PICOmodel:
older people, psychotropic drugs, inappropriate prescribing, and adverse
drug events (Appendix 1). An iterative process was used to ensure all
relevant articles had been obtained. A further hand search of
bibliographic references of extracted papers and existing reviews was
also conducted to identify potential studies not captured in the electronic

database searches. The quality of each study was assessed independently
by two reviewers (MC and LSR) using the 'Crombie criteria' [15] adapted
by Petticrew and colleagues [16].

2.2. Study selection and analysis

Two independent reviewers (MC and LSR) independently identified
studies considering inclusion and exclusion criteria based on title,
abstract and full-text review intoRayyanQCRI1. Initial screening criteria
for the abstracts were: (1) quantitative studies, (2) referred to an
inappropriate prescribing of psychotropics as an overprescribing, a
prescribing error (wrong dosage, wrong duration, wrong timing), an
under prescribing, that means a drug related problem which could have
been avoided, (3) referred to adverse drug events as side effect, a length of
hospitalization increasing, a rehospitalization, a transitional or perma-
nent disability or a death (4) referred to psychotropics as antidepressants,
antimanic drugs, anxiolytics, hypnotics, or antipsychotics and, (5) with
participants aged 65 or older. If a studymet the initial selection criteria or

Fig. 1. Flow diagram of selection of studies focusing on potential inappropriate psychotropics and iatrogenic adverse events in older adults.
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its eligibility could not be determined from the title and abstract, the full
text was retrieved. Disagreements regarding the study selection process
anddata extraction,was resolvedby consensus. A third reviewer (CA)was
invited if further consultation was required to obtain an agreement. If
three ormore studies reported similar outcomemeasures, ameta-analysis
of the data was planned. The study selection is shown on a flow diagram
(Fig. 1).

Of the 1943 originally identified abstracts, 106 met the initial
inclusion criteria (Appendix 2). Following thorough examination, we
excluded 99 of those 106 studies because any quantitative data were
available (n=25), no data were available for older people (n=21) or
psychotropics (n=18), data did not concerned inappropriate or
preventable psychotropics (n=18) or no health outcomes were
associated with inappropriate psychotropics (n=17), and references
were not full-text article (n=2). The remaining 7 studies were included
in this review [17–23]. Extracted information for each study included
information such as author name, date of publication and country,
population's demographic detail (mean age and study structure), sample
size, psychotropics concerned, inappropriate drugs list used if applicable,
outcome measure and outcome of interest (Table 1).

2.3. Definition of outcomes

We examined if an association was described between an inappropri-
ate psychotropic drug used (antidepressants, antimanic drugs, anxio-
lytics, hypnotics, antidementia and/or antipsychotic) and a health
outcome. Health outcomes corresponded to any event occurring during
the study period, which could be an adverse event, an increase in the
length of hospitalization, a rehospitalization, a transitional or permanent
disability or death. Inappropriate usedwas defined as an overprescribing,
a prescribing error (wrong dosage, wrong duration, wrong timing), an
under prescribing or a potential inappropriate medication as defined in
Beers’ criteria or other similar lists.

2.4. Meta-analysis

A quantitative meta-analysis was performed for all outcomes
targeted by at least 3 studies retrieved in the systematic review. If
the number of studies is below 3, there is a risk of: (i) imprecise estimate
of impact; (ii) accumulated risk of bias; (iii) lack of power to detect a
real effect; (iv) risk of instability of the results; and (v) difficulty to
assess heterogeneity. Of the 7 articles selected, only the adverse fall
outcome was present in at least 3 articles [17,18,22]. When applicable,
adjusted odds ratio (OR) or hazard ratio (HR) and 95% CI were
extracted. A fixed-effects and random-effects meta-analysis were
performed on the estimates to generate summary values (Review
Manager version 5.1, The Nordic Cochrane Centre, Copenhagen,
Denmark). Results are presented as forest plots. Heterogeneity between
studies was assessed using Cochran’s Chi-squared test for homogeneity
(Chi2), and amount of variation due to heterogeneity was estimated by
calculating the I2 [24]. Our systematic review and meta-analysis
followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines (Appendix 3).

3. Results

3.1. Study characteristics

Table 1 summarizes the 7 studies included in this review [17–23] and
were of good quality (Appendix 4). The research process identified no
previous literature review on this issue specifically. Five studies were
conducted in Europe (including 3 in France) [18–22], one in North
America [17] andone inOceania [23]. Thenumber of participants ranged
from318 [21] to 383,150 [23]. All participants were 65 years old or older
and 3 studies presentedmean age over 80 [17,19,21], with 54.5% [19] to
74.4% women [17]. Participants lived in community-dwelling [17,22], Ta
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at home [18] or were evaluated during hospitalization [20,23] or during
hospital discharge [19]. All psychotropics were focused in 4 studies
[17,18,20,22] whereas antipsychotics were focused in one study [19],
antidepressants in one study [21], long-acting benzodiazepines in one
study [18] and certain molecules of the class of antipsychotics,
antidepressants or anxiolytics and sedatives in one study [23].
Inappropriate psychotropics were determined using Beer’s criteria
updating in 2003 [17,18,20,23], Beer’s criteria updating in 2015
[19,21] or a Finnish national list [22]. Health outcomes focused were
fall [17,18], fall-related fracture [22], decrease of personal care activities
[20], unplanned hospitalization [23] or mortality [19,21]. In all studies,
regression models were performed considering potential confounders,
which varied between studies (age, gender, body mass index, ethnicity,
study center, polypharmacy, appropriate psychotropics, non-psychotro-
pic drug, other potentially inappropriate medications, mental or
cognitive impairments, mood indicators, or number of chronic diseases).
Finally, three of seven studies could contribute to ameta-analysis because
evaluating the association between the use of PIPs and the onset of
accidental falls or fall-related fractures [17,18,22].

3.2. Inappropriate psychotropics and falls

Three of seven studies examined association between psychotropics
and falls. All of them found that the use of PIPs significantly increased the
risk of fall compared to using no PIPs [17,18,22]. One study also found
that a similar result compared to using appropriate psychotropics [17].
When compiling all available results [17,18,22], the summary odds ratio
in fixed effects was 1.23 [95%CI: 1.15;1.32] (Chi2=2.68, P=0.262;
I2=25.24%), suggesting a direct association of the use of PIPs with fall
risk (Fig. 2). The pooled OR in random-effects meta-analysis was 1.24
[95%CI: 1.12;1.37]. Some causes of heterogeneity were identified:
participants lived in community-dwelling [17,22] or at home [18];
benzodiazepine used [18] or psychotropics used [17,22]; 2003 beers'
criteria used [17,18] or Finnish national list [22]. There was a reporting
bias according to response rates (90% [17] vs 37% [18] vs 10% [22]).

3.3. Inappropriate psychotropics and other health outcomes

An increasedmortality riskwas retrievedwith the useof antipsychotics
[19] and antidepressants [21]. The first study evaluated mortality up to 6
months,andthesecondoneuptotwoyears.Anotherstudyalsoshowedthat
the useof PIPs in older inpatientswithpsychiatric disorderswas associated
with decreased personal care activities of daily living (ADL) compared to
using no PIPs [20]. Finally, one study found an association of various
psychotropics (thioridazine, oxazepam, diazepam and temazepam) with
an increased risk of unplanned hospitalizations [23].

4. Discussion

This systematic review and meta-analysis provides evidence that
potentially inappropriate psychotropics are associated with the onset of

various negative health outcomes, notably greater risks of accidental
falls, reduced functional abilities and unplanned hospitalizations.

Our results indicated a ‘large’ association between using PIPs and fall
risk compared to using no PIPs, in community-dwellers and non-
institutionalized participants (Fig. 2). Association between psychotropics
use and adverse health outcomes is well-described, but some data suggest
that using appropriate psychotropics is significantly less harmful that
using PIPs [17,21]. This is especially obvious when considering a regular
use of at least 2 years in a row [18], although the difference ismore subtle
with a psychotropic exposure of less than 6 months [22]. In a dynamic of
reducing the use of PIPs, this suggests that first aim is to prevent
psychotropics use before 2 years and focusing on deprescription of PIPs
beyond 2 years could be prioritized. Among the studies selected in this
review, one included a very large population allowing to have results
about some molecules among the PIPs associated with unplanned
hospitalization [23]. Within the same therapeutic class, some molecules
were associated with a higher rate of unplanned hospitalization
compared to others. It could be interested to distinguish between
different PIPswithin the same therapeutic class to givepreference to those
identified as being of lower risk. Finally, the majority of PIMs list used
were the Beers criteria, as well as the French Laroche list [25] and the
Finnish meds75+ database [26]. Similar studies should be conducted
with new, recently updated European international lists such as the EU
(7)-PIM list [4] and the STOPP/START list [5].The findings of our
systematic review and meta-analysis need to be tempered by several
limitations. First, this is a relatively new and emerging area of research,
and only a limited number of studies have been conducted to date, which
narrowed the number of studies to be included in this systematic review
and meta-analysis. Therefore, our conclusions need to be confirmed in
larger and preferably prospective studies. Second, it is possible that the
heterogeneity and relatively small size of some studied samplesmay have
exposed the analysis to a lack of statistical power with the risk of missing
significant differences of adverse health events according to the use of
PIPs. Third, the duration of psychotropic exposure was not reported in all
selected studies, although the length of exposure appears to be an
important factor to consider. Fourth, it is possible that the use of themost
recent 2019 update of Beer’s criteria may have yielded slightly different
results compared to the 2003 update which was mainly used in selected
studies. Fifth, the three studies selected in ourmeta-analysis did not assess
the same fall outcome. Harmonization of outcome measures seems thus
desirable. Finally, some potential limitations of the meta-analysis should
be considered. In particular, the summary odds ratio we found should be
interpreted with caution as the quantitative analyses indicated substan-
tial heterogeneity.

5. Conclusions

In conclusion, this systematic review and meta-analysis provides
evidence that participants of 65 years and older treated with PIPs are
more at risk of adverse health outcomes than those using no PIPs,

Fig. 2. Meta-analysis of studies on potentially inappropriate psychotropics and fall.
PIPs: Potential Inappropriate Psychotropics. Horizontal lines correspond to the 95%confidence interval (CI). Black diamond represents the summary value in fixed effects
analysis. The bold vertical line corresponds to an odds ratio of 1.0, equivalent to no association.
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including greater risks of falls, functional disabilities, unplanned
hospitalizations, and mortality. Future studies should confirm these
potential adverse effects of PIPs using larger longitudinal studies with an
updated list of PIMs, and using non-pharmacological interventions as a
comparator, including psychotherapy, social support, and lifestyle
modifications. This knowledge will enable healthcare professionals to
make informed decisions regarding the appropriate use of these
medications in older adults. It will be also important to investigate the
underlying reasons behind the use of PIPs, such as the prevalence of
mental health disorders, social isolation, or inadequate access to
alternative treatments. Understanding these factors will help develop
targeted interventions and prevention strategies. Results of the present
systematic review and meta-analysis provide additional evidence for an
appropriate and safe use of psychotropics in older adults.
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